London NARROWING of the airways, particularly during expiration, is the most important physiological defect in the asthma, bronchitis, emphysema group of conditions. This expiratory obstruction is responsible for the limited ventilation and total gaseous exchange of which these people are capable. It is also responsible for most of the physical signs and for the reduced performance in such tests as the Maximum Breathing Capacity, Vital Capacity and Forced Expired Volume. The nature of the airway obstruction is poorly understood. The term "bronchospasm" is commonly used to describe it. Although I doubt if many of the people who use the word really believe that spasm of the bronchial muscles is the explanation of the airway narrowing, nevertheless little thought has been given to the number of ways in which the airways may be narrowed. Unfortunately, the common simple ventilatory function tests, although they provide good estimates of the severity of airway obstruction, do not distinguish between the possible causes. The mechanisms may be grouped as follows:
(1) Reversible disease of the airway, e.g. increased bronchoconstrictor tone.
(2) Relatively irreversible disease of the airway, e.g. chronic inflammation.
(3) Loss of elastic support of the airways so that they collapse during expiration. I want to describe some studies which shed more light on these mechanisms. They were performed on normal subjects, on patients with asthma, and patients with emphysema. A full description of these experiments has been published elsewhere (Campbell, Martin and Riley, 195 7) , therefore technical details will be omitted.
The basic observation which provided the starting point of this study and which is to be found in earlier work concerns sequence of changes in intrathoracic pressure and rate of air-flow during a forced voluntary expiration (Fig. 1 ). If intrathoracic pressure is recorded from the cesophagus and rate of air-flow is recorded at the mouth during a forced expiration the rate of air-flow rises to a maximum value and then decreases while the intrathoracic pressure continues to rise. This observation suggested to us that there may be a maximum voluntary expiration. PE, cesophageal pressure; V, rate of air-flow (expiration upwards); PTMaxEff, maximum effective intrathoracic pressure; VEMax, maximum expiratory flow rate (see text). effective intrathoracic pressure (PTME) associated with a maximum expiratory flow rate (VEMax.). If PT rises above PTME the airways are narrowed by the high external pressure.
This causes a marked increase in resistance and either reduces the flow rate or prevents it exceeding a certain value. We attempted to measure PTME and VEMaX in 3 normal subjects and in two groups of patients. The first group consisted of 3 patients studied during attacks of asthma. They were chosen because between attacks they had no dyspneea and had little or no detectable emphysema. The second group consisted of 5 patients with diffuse obstructive emphysema who had long histories of progressive dyspnoea. They were persistently breathless, and were studied after the inhalation of isoprenaline to minimize reversible bronchial narrowing.
In all 3 groups of subjects, in addition to PTME and VEMaX, the air-flow resistance during quiet inspiration was measured, that is to say the pressure difference between the alveoli and the mouth per unit rate of air-flow. This measurement should reflect airway narrowing due to such factors as bronchoconstrictor tone, cedema, &c., but not airway narrowing due to loss of elastic support because the airways are pulled open during inspiration; loss of elastic support only operates during expiration. Table I gives the values we obtained at resting lung volumes. The maximum expiratory 3-2-14-7 0-96 0-58-1-25 9 3-24 flow rate is grossly reduced in both groups of patients to approximately the same levels. There are, however, important differences between the two groups; firstly, the flow resistance is much greater in the patients with asthma than in those with emphysema; secondly, the maximum effective intrathoracic pressure is much higher in the patients with asthma. It appears that in emphysema the flow resistance due to disease of the airways is not grossly increased but the airways become narrowed by relatively low external pressures, and therefore limit the flow rate that can be developed during expiration. Fig. 2 is a diagrammatic representation of a simple model which can be used to study the factors affecting the patency of the airways during expiration. A mathematical analysis based on this model leads to conclusions consistent with our experimental findings. In Fig. 2 the airways have been represented as being in two stages, a proximal one whose walls have high rigidity and a distal one whose walls have negligible rigidity. The intrathoracic pressure isPTD, the alveolar pressure is PAIvand the pressure in the lumen of the distal airway close to the junction with the proximal portion is PL. It is assumed that an expiratory force 110 Proceedings of the Royal Society of Medicine such as that provided by the contraction of muscles of expiration has raised PTD to 3 + above atmospheric. Fig. 2A represents a normal lung in which the elastic recoil (PEIL) increases the pressure within the alveolus by 2+. Alveolar pressure (PA1V) therefore=PTD+PF1L= (3+)+(2+)=5+. In Fig. 2B which represents an emphysematous lung the elastic recoil is only 1 + and PAIV=PTD+PEjL=(3+)+(1+)=4+.
If in the normal lung the resistance in the distal airway is so small that the pressure drop (AP) from the alveolar space is only 1+, then PL=PMv-AP=(5+)-(1+)=4+. The pressure difference across the wall of the airway is therefore PL-PTDD=(4+)-(3+)=1 +.
In the emphysematous lung more resistance in the distal airway is assumed so that A/P =2+, and PL=PA1v-AP=(4+)-(2+)=2+. In these circumstances the pressure difference across the wall of the airway is PL-PTD=(2+)-(3+)= 1-. This is the same as a pressure difference of 1+ tending to narrow the airway.
If one neglects additional pressure effects caused by the properties of the wall of the airway itself, the pressure difference across the wall of the normal airway will cause it to remain open whereas in the emphysematous lung it will cause narrowing.
The mechanisms responsible for the expiratory obstruction in asthma will not be discussed partly because the possibilities are more complex and partly because my main aim is to suggest a method of approach to these problems rather than to present a complete analysis.
In spite of the initial impression of complexity this approach does suggest that much greater discrimination between mechanisms of airway obstruction is feasible. 
